Objective-The role of alcohol misuse in the genesis of seizures is probably often undetected. The aim was to investigate the utility of carbohydrate deficient transferrin (CDT) compared with other biomarkers and clinical examination in the diagnosis of alcohol related seizures. Methods-The study included consecutively 158 seizure patients-83 men and 75 women-with mean age 45 (16-79) years. Seizures related to alcohol use were identified by a score >8 in the alcohol use disorders identification test (AUDIT positive). AUDIT was applied as the gold standard to which sensitivity and specificity of the various markers were related. Blood samples were obtained from 150 patients on admission and analysed for ethanol, liver enzymes, and CDT, using AXIS Biochemicals' %CDT-TIA kit. Results-53 patients (34%) were AUDIT positive. Using the commonly applied decision value for %CDT of 5.0%, a sensitivity of 41% and a specificity of 84% were obtained. Analysis of receiver operator characteristics (ROC) curves disclosed an optimal cut oV value for %CDT of 5.4%, which yielded a sensitivity of 39% and a specificity of 88%. At a specificity of 80%, the sensitivity was 43% for %CDT and 26% for GGT. The %CDT sensitivity was markedly higher for men than for women. Compared with GGT, ASAT, ALAT, and ASAT/ALAT ratio, CDT was the best single biomarker for alcohol related seizures. However, even in the subgroup of withdrawal seizures, the sensitivity level barely exceeded 50%. Clinicians scored alcohol as the main cause of the seizure in only 19 cases (12%). In 38 (24%) cases, clinicians suspected that alcohol had a role (sensitivity of 62% at a specificity of 89%). Their ability to identify AUDIT positive patients was better than that of any biomarker, but many cases were missed. Agreement of clinicians' scores to CDT was only fair ( =0.28). CDT concentrations were significantly increased among alcohol abstaining patients on enzymeinducing antiepileptic drugs. Six out of 16 patients with false positive CDT results were exposed to such drugs. Conclusions-CDT is not recommended as a stand alone marker for alcohol related seizures, but may provide a useful contribution to the overall diagnostic investigation of seizures. Confirmatory studies are needed as to the apparent vulnerability of CDT to antiepileptic drugs. (J Neurol Neurosurg Psychiatry 2000;68:342-348) 
The association of seizures with alcohol misuse is well established. 1 2 A high proportion of seizures leading to hospital admission may be related to alcohol use. [3] [4] [5] Alcohol misuse as seizure aetiology is often undetected and has been associated with a higher crude mortality than seizures of unknown aetiology. 6 Prophylactic treatment of seizures provoked by alcohol use should be limited to a few days when needed. 7 Due to non-compliance, undue antiepileptic drug (AED) treatment may even contribute to seizure provocation. Adequate and early counselling is essential in the management of these patients. Therefore, identification of alcohol related seizures is important and, as the clinical diagnosis is diYcult, improved diagnostic tools are needed.
Carbohydrate deficient transferrin (CDT) has been proposed as the most specific biomarker of sustained alcohol misuse. 8 In well contrasted populations of middle aged male alcohol misusers versus control subjects, sensitivity and specificity have been reported as high as >80% and >90%, respectively. 9 However, in identifying hazardous or harmful drinking in general medical settings, CDT seems to be of more limited value. [9] [10] [11] [12] [13] Most alcohol related seizures have been reported to occur within a time frame of 48 hours after cessation of drinking.
14 Epidemiological studies indicate that the relation between seizures and alcohol use may be dose dependent. 15 Based on these findings, this patient group should be ideal for studies of CDT as a diagnostic tool. Our aims were to study the validity of CDT in detecting alcohol related seizures, in comparison with other markers, and to the skills of the experienced clinician using clinical examination and routine analyses.
Material and methods

SUBJECTS
During the study period from January 1995 to October 1996, 225 consecutive patients who were admitted to hospital with seizures were recruited. Twenty eight patients were disabled due to encephalopathy, psychosis, dementia, or severe somatic disease. Participation was voluntary, and informed consent was obtained. Out of the 197 patients who were invited to participate in the study, 37 refused, and in two patients, important data were missing after inclusion. Thus, 158 patients-83 men and 75 women-were included. Any patient admitted for seizures was eligible for the study, including 16 patients later shown to have other diagnoses (eight convulsive syncopes and eight psychogenic seizures). Licence to collect and store patient data was granted by The Norwegian Data Inspectorate. The regional committee for ethics in medical research approved the study.
THE INTERVIEW
The alcohol use disorders identification test (AUDIT) was recorded as part of a detailed semistructured clinical interview, which was performed as soon as possible after recovery from postictal symptoms. Within 3 days after admission, 147 patients (93%) had been interviewed. AUDIT was developed from a six country World Health Organisation (WHO) collaborative project as a screening instrument for hazardous alcohol consumption. 16 The 10 item core questionnaire is easily administered and has the advantage of early detection of hazardous drinking, compared with other questionnaire based systems that are mainly developed for detection of alcoholism. We identified subjects with seizures related to alcohol use by AUDIT scores >8 (AUDIT positive), a cut oV by which both sensitivity and specificity for hazardous drinking have been reported as greater than 90%. 17 18 The amount of alcohol consumed on each of 8 days before admission was carefully registered using standard alcohol units. One unit is equivalent to one small bottle of beer or one glass of wine or spirits equal to 12-15 g pure ethanol. 19 The number of hours since the last alcohol intake was recorded. Discrepancies between answers were discussed with the patient to achieve accuracy.
An experienced neurologist scored to what degree the seizure was considered to be related to alcohol use on an ordinal scale from 0 (no relation to alcohol) to 10 (alcohol was the only known cause). In most cases, this neurologist personally examined the patient before the assessment, which was further based on hospital records and routine investigations, including EEG and laboratory analyses. The neurologist had no access to interview data, AUDIT scores, or CDT results. Calculations of validity were made relative to clinician's scores >0 (a relation to alcohol use was presumed) and >5 (alcohol was considered the most important seizure provoking factor). Characteristics of the study group are summarised in table 1.
DEFINITIONS AND CLASSIFICATION
An operational definition of the term "withdrawal seizures" was applied to seizures occurring in AUDIT positive patients less than 72 hours after the last drink, thus ensuring both a hazardous drinking level and recent intake. Patients reporting no alcohol intake during the preceding year were defined as total abstainers. We studied the eVect of AED use on %CDT concentrations by subdividing patients into three groups; those taking enzyme inducing AEDs, those taking AEDs not considered to be enzyme inducing, and a non-drug group. Carbamazepine, phenytoin, and phenobarbital were considered enzyme inducing, whereas valproate, lamotrigine, vigabatrin, and oxcarbazepine were considered to cause no or little (oxcarbazepine) liver enzyme induction. 20 
BLOOD SAMPLING AND ANALYSIS
Blood samples were collected on admission. Without delay, serum was analysed for -glutamyl transferase (GGT), aspartate aminotransferase (ASAT), alanine aminotransferase (ALAT), and ethanol. Laboratory reference values were applied as cut oV concentrations. The reference values were: GGT <50 U/l (women) and <80 U/l (men), ASAT and ALAT <35 U/l (women) and <50 U/l (men). Serum for the CDT analyses was stored at −80°C until analysis. Analyses were performed in our laboratory using the %CDT-TIA kit produced by AXIS Biochemicals ASA, Oslo, Norway, in accordance with the instructions from the manufacturer. According to the manufacturer, amounts exceeding 6% are considered increased, whereas abstaining people have values below 5%. We applied 5.0% as the decision value for hazardous alcohol consumption. However, for comparison some results are also presented using 6.0% as cut oV.
STATISTICAL ANALYSES
Receiver operator characteristic (ROC) curves with calculations and comparisons of areas under ROC curves (AUCs) were produced in the software Medcalc™ for Windows 95. The Mann-Whitney test and the Kruskal-Wallis test were applied in non-parametric analyses. Comparisons of amounts of alcohol and biomarkers were done non-parametrically. Correlation coeYcients are expressed by Spearman's r (r s ). Agreement rates were calculated from 2×2 contingency tables and expressed as values. The two sided significance limit was p=0.05, and confidence intervals (CIs) were 95%.
Results
CDT COMPARED WITH OTHER BIOMARKERS OF ALCOHOL USE
Fifty three patients were AUDIT positive, whereas 105 were AUDIT negative. %CDT was the best of the biochemical markers included in this study (table 2) . ROC curve analysis showed an optimal cut oV point for %CDT of 5.4%, which yielded a sensitivity of 2) . In men, AUC for CDT was significantly larger than for GGT (p=0.011, see table 3 for values and confidence intervals), whereas in women the ROC curves of CDT and GT were not diVerent (p=0.903).
CDT AND GGT COMPARED WITH EVALUATION BY
CLINICIANS
Clinicians scored 19 out of 45 AUDIT positive and none out of 88 AUDIT negative patients as having a 50% or higher probability of an alcohol related seizure (sensitivity 42% and specificity 100%). Twenty eight AUDIT positive and 10 AUDIT negative seizures were considered related to alcohol use to some extent (sensitivity 62% and specificity 89%). Clinicians and biomarkers seemed to identify somewhat diVerent patients, as the agreement of clinicians with %CDT was fair ( =0.28), whereas the agreement of clinicians with GGT was poor ( =0.12). A subgroup defined by either increased %CDT, or GGT, or both, correlated better with AUDIT (r s =0.33, p<0.001) than did each of the two variables %CDT (r s =0.27, =0.12, NS) . However, the validity of this combination was poorer (LR 1.69) than that of %CDT alone (LR 2.86). The agreement of clinicians' scores of a presumed alcohol relation with the combination was similar ( =0.25) to that of %CDT alone (=0.28).
CDT IN WITHDRAWAL SEIZURES
Alcohol withdrawal seizures were identified in a subgroup of 33 patients (23 men, 10 women, mean age 41 years). By definition, these patients were AUDIT positive and had a recent (<72 hours) alcohol intake. As they all were AUDIT positive, specificity levels could not be calculated. Sensitivity of %CDT in the withdrawal seizure subgroup was 52%.
CDT CONCENTRATIONS INFLUENCED BY AEDS
Among 52 patients taking AEDs, accuracy of %CDT (sensitivity 30%, specificity 76%, LR 1.3) was poorer than for the 98 patients not taking AEDs (sensitivity 44%, specificity 89%, LR 4.0). %CDT in the AED users (median 4.50) was not statistically diVerent from %CDT in those not taking AEDs (median 4.00, p=0.46). As patients with epilepsy consumed significantly less alcohol in the past week (mean 3.9 (SD 13.9) units) than others (19.3(3.75) units, p<0.0005), a diVerence could be expected. By comparison of the AUDIT negative groups we ensured low and comparable drinking levels in subgroups of AED users (n=42) and patients not using AEDs (n=57). Between these groups, %CDT was significantly higher among AED users (median 4.25) than the others (median 3.50, p=0.011). A significant diVerence (p=0.002) was also demonstrated between the smaller subgroups of abstainers (25 AED users, median 4.4 and 12 others, median 3.15). AUDIT negative patients were further subdivided by the enzyme inducing properties of the drugs. The 33 on enzyme inducing AEDs had significantly higher %CDT (median 4.20) than the 57 patients not using AEDs (median 3.50, p=0.014). AUDIT negative patients on AEDs not considered to be enzyme inducing (n=9) did not diVer from those who were not using AEDs (p=0.23). Enzyme induction was documented by significantly higher GGT concentrations among the patients on enzyme inducing AEDs (median 80), than those not using AEDs (median 32, p<0.0005). GGT did not diVer between the group using non-enzyme inducing drugs (median 31) and those not on AEDs (p=0.32). Between AUDIT negative patients on enzyme inducing and non-enzyme inducing AEDs, no diVerences were found in mean alcohol intake in the past week (p=0.21), or between proportions of abstainers (p=0.78).
CAUSES OF FALSE POSITIVE CDT OR FALSE NEGATIVE AUDIT
Sixteen patients had %CDT above the decision limit of 5.0% although being AUDIT negative. Among them were 10 patients taking AEDs (56%) of whom six (38%) were using enzyme inducing drugs and had increased GGT. AUDIT scores in these six patients were 0 or 1 and none of them reported any alcohol intake during the past week. Exclusion of these cases improved specificity of %CDT from 86% to 90%. Four out of the six false positive cases had %CDT values above 6.0%. In one of the AED users, and six other patients, a close post hoc examination of hospital records, partly with information obtained from later admissions, suggested that faulty answers or underestimation of alcohol problems caused a negative AUDIT score. Out of the four cases that remained unexplained, three were taking AEDs not considered to be enzyme inducing and had GGT values within reference limits.
CAUSES OF FALSE NEGATIVE CDT OR FALSE POSITIVE AUDIT
In the 30 AUDIT positive patients who had %CDT values lower than 5.0%, low recent alcohol consumption was probably the main cause. Five of them reported no consumption at all during the past week. Out of the remaining 25, 17 consumed less than 18 units in the past week, equal to a mean daily intake below 40 g ethanol. Eight cases remained unexplained, as aggravation of alcohol problems leading to false positive AUDIT was not considered a realistic option.
Discussion
Our findings indicate that CDT is the best biochemical marker for alcohol related seizures. Higher specificity was found for s-ethanol and, unexpectedly, for ASAT, but at much lower sensitivity levels. However, in our unselected seizure population CDT detected only four out of 10 patients with a questionnaire based diagnosis of alcohol related seizures. These results are well in accordance with other studies on consecutive or mixed patient samples or patients with hazardous drinking levels. 10 11 13 21-23 Thus, CDT seems to be of limited value in identifying hazardous drinking levels in an unselected medical population. The modest sensitivity levels, as found in our material and generally reported, should be recognised by the clinician as an important pitfall in the diagnostic investigation of any potentially alcohol related disease.
Although a markedly lower sensitivity of GGT than of CDT was found, the AUCs were not significantly diVerent. However, AUC is a function of the performance of a marker at all possible sensitivity and specificity levels. In clinical practice, high specificity is preferred, as a false allegation of alcohol misuse is clearly unwanted. In a medicolegal context, a high specificity becomes particularly important. Thus, a more sensible comparison of markers would be sensitivity at predetermined high specificity levels. Such information can be derived from ROC curves, as shown in table 3. At 80% specificity, CDT outperforms GGT (43% and 27% sensitivity, respectively). Sensitivity of ASAT at 80% specificity was unexpectedly high, especially in women. Although well investigated in earlier studies, ASAT is not previously known to show such high sensitivity. Enzyme inducing drugs did not influence the sensitivity of ASAT.
The two probably best markers of alcohol misuse, CDT and GGT, represent two metabolically unrelated responses to alcohol exposure. CDT probably identifies a diVerent group of patients than GGT, as the two markers do not seem to be statistically associated. 10 22 24 Thus, combining the performances of the two markers to achieve higher accuracy is tempting. 25 A recently proposed combination of CDT and GGT 26 showed better validity than both CDT and GGT alone. The combination method used in that study 27 has the advantage of providing a combined marker suitable for ROC analyses. Unfortunately, it is too complicated to be adopted into clinical practice. Under the assumption that advantages might be obtained simply by a clinical evaluation of CDT and GGT together, we investigated the performance of a simple combination of "positive %CDT, and/or positive GGT". The increased sensitivity of this combination was obtained at the cost of reduced specificity, and its LR was poorer than that of %CDT alone. Moreover, agreement of this combination with clinicians' assessment of alcohol's role in the aetiology of each seizure was poorer than that of %CDT alone. Thus, our data do not allow recommendations as to the combined use of GGT and CDT.
Concomitant use of AEDs seems to increase CDT concentrations. We found that six out of 16 false positive CDT values might be attributable to this phenomenon. As six other patients probably had false negative AUDIT rather than false positive CDT, the influence of AEDs seemed to be the main cause of false positive CDT values in this material. To the best of our knowledge, this is the first report of CDT concentrations being influenced by concomitant medication. The present results allow little elaboration on the biochemical mechanisms causing increased CDT in response to antiepileptic medication. However, induction of liver enzymes seems to be one explanation. Previous studies of the eVect of medication on CDT concentrations have shown negative results for hyperuricaemic agents, 28 corticosteroids, -blockers, ACE inhibitors, diuretics, H2-blocking agents, calcium antagonists, oral antidiabetics and insulin, and proton pump inhibitors. 29 However, none of these drugs were enzyme inducing.
A range of hitherto poorly explored metabolic or endocrine associations of the various isoforms of transferrin have been proposed. 9 24 For instance, abstaining women have higher baseline CDT concentrations than men. 8 30-32 There does not seem to be any simple association of sex hormones with CDT. Results diVer as to the eVects of both pregnancy 33 34 and contraceptive pills. 31 32 Premenopausal women have higher CDT concentrations than postmenopausal women. 24 35 Subclinical iron deficiency, which is a common condition among women, may cause increased CDT concentrations, 36 37 as may iron reductive treatment. 38 Increased transferrin concentrations and redirection of glycan synthesis to the highly sialylated transferrin forms seem to account for some of these diVerences. 37 Insulin resistance is associated with high body mass index and has been postulated as one cause of reduced CDT sensitivity to alcohol intake. 24 39 Finally, it should be kept in mind that ethanol, which obviously increases CDT concentrations, has enzyme inducing properties. If enzyme induction can be confirmed as an essential mechanism behind the influence of AEDs on CDT, then CDT may at least in part be increased by alcohol use through a similar mechanism. The quantity, frequency, and duration of the alcohol consumption needed to cause increased CDT has not been well established. According to the manufacturer, daily alcohol consumption exceeding 60 g for periods longer than 2-4 weeks may result in %CDT above 6.0%. However, volunteers consuming this amount of alcohol or more for up to 1 month only produced increased CDT concentrations in a few of the subjects. 40 These and other reports suggest that longer term alcohol misuse is needed to produce increased CDT. Patient recollection of exact alcohol consumption over such long time spans is unreliable, but similar information is easily and more reliably obtained by the AUDIT questionnaire. In this material, AUDIT data correlated equally well with %CDT as the actual intake in the past week did (both correlations, p<0.0005). Clinicians may have a lower threshold for performing a CDT test than for obtaining a thorough history of alcohol consumption, or using a structured questionnaire such as AUDIT. Our results indicate that such a policy should be discouraged, as CDT used as a stand alone marker may identify only half of the patients disclosed by AUDIT.
Early diagnosis and intervention is essential to stop processes that might cause irreversible damage to the nervous system. One study of patients with various neurological diseases indicated that CDT might be a valuable tool in the diagnostic investigation. 12 However, disease groups were not studied separately, and to our knowledge, this is the first report in which CDT has been studied in patients with seizure.
There is no consensus as to the definition of an alcohol related seizure. The literature in this field suVers from the lack of a unanimous definition, 41 42 which makes the reproducibility of results diYcult. Whereas the withdrawal seizure is closely linked to cessation or abrupt reduction of an increased alcohol intake, 14 other alcohol related seizures may not be directly related to a drinking bout. 5 We propose a simple and reproducible operational definition of alcohol related seizures as seizures occurring in subjects with hazardous alcohol consumption, as identified by a score of 8 or more on the AUDIT questionnaire. This questionnaire was designed to detect drinking levels at an early stage, before alcoholism is evident, and is, in this respect, more sensitive than other established questionnaires, such as CAGE 43 and the Michigan alcoholism screening test (MAST). 44 As the half life of CDT is about 12-17 days 8 9 and most alcohol related seizures occur within 48 hours after the cessation of alcohol drinking, 14 a significant decline in CDT at the time of admission to hospital is unlikely. In view of this, alcohol related seizures, and withdrawal seizures in particular, provide an ideal model for evaluation of the usefulness of CDT in the detection of neurological disease related to current or recent alcohol misuse. The subgroup of alcohol related seizure patients who fulfilled our criteria for withdrawal seizures, had a markedly higher mean intake during the past week. As expected, sensitivity of CDT was better for this group (52%). However, an even higher sensitivity would be anticipated in this highly selected subgroup. An explanation for the modest sensitivity even for this group may be that our material contains few heavily misusing people. As even weekend binges can trigger seizures, 4 the clinical diagnosis of a withdrawal seizure does not necessarily imply long term alcohol misuse. But, to be of help to clinicians, CDT should be more accurate when applied to this particular subgroup.
Conclusion
Our results show that although CDT seems to be the best performing trait marker for alcohol related seizures, sensitivity levels in a mixed seizure population are moderate. CDT only recognised 41% of patients diagnosed as having a hazardous drinking level. Even in withdrawal seizures, the sensitivity level of CDT was only 52%. The treating clinician's overall ability to identify seizures related to alcohol use by routine investigations is better than that of any biomarker, but many cases are missed. Conversely, an even higher number of cases would be missed if the clinician should rely on CDT alone. However, the high specificity of an increased CDT clearly indicates that this index may be a useful supplement to a thorough clinical evaluation of seizures with obscure aetiology. Enzyme inducing AEDs were associated with increased CDT values and may be responsible for false positive cases. This apparent medication eVect needs to be tested in designed studies.
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